TITLE OF THE INVENTION 

SUBSTRATE PROCESSING APPARATUS 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to techniques for receiving a container for storing 
semiconductor substrates (or wafers), glass substrates for LCD devices, glass substrates 
for photomasks, substrates for optical disks (hereinafter referred to as "substrates"), and 
for transporting the substrates into and out of the container. It particularly relates to 
improvements in effectively transporting the container without an increase in footprint of 
a substrate transfer unit. 
Description of the Background Art 

Conventionally, unprocessed substrates stored in carriers are transported from 
outside into a substrate processing apparatus for performing a surface preparation such as 
an etching process on substrates. The carriers include an OC (open cassette) of the type 
in which part of the container thereof is open to the outer atmosphere, and a FOUP (front 
opening unified pod) of the type in which the container thereof is enclosed or sealed. 

When the FOUP-type cassette (hereinafter simply referred to as a "FOUP") is 
used to transport substrates between apparatuses, the substrates are transported while 
being enclosed in the FOUP. Thus, the cleanliness of the substrates is maintained even 
if particles and the like are present in the ambient atmosphere. This eliminates the need 
to raise so high the cleanliness in a cleanroom in which the substrate processing apparatus 
is installed, thereby reducing costs required for the cleanroom. 

However, in the case where FOUPs are respectively mounted on adjacent two 
shelves located at substantially the same height in a loader, a conventional apparatus 
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cannot transport the FOUP mounted on the further one of the shelves with respect to an 
opener from that shelf to a predetermined position without momentarily moving the 
FOUP mounted on the nearer one of the shelves with respect to the opener to another 
shelf. 

5 With the FOUPs respectively mounted on the adjacent two shelves, moving the 

FOUP mounted on the further one of the shelves with respect to the opener to a 
predetermined shelf requires the time to move the FOUP mounted on the nearer one of 
the shelves with respect to the opener in addition to the time to move the FOUP mounted 
on the further one of the shelves. This disadvantageously results in decrease in 

10 throughput of substrate processing in the whole apparatus. 

Among substrate processing apparatuses for solving the above problem is one 
that includes a loader 900 as shown in Figs. 9 to 11. Fig. 9 is a front view and Fig. 10 is 
a top view of the loader 900, respectively. As shown in Figs. 9 and 10, the loader 900 
mainly includes shelves 911 to 917 and a transport robot 930 for transporting FOUPs 980 

15 among the shelves 911 to 917. 

The shelves 911 to 917 are each intended to mount and hold a FOUP 980 on its 
upper surface, and are arranged vertically and horizontally in an inner space of the loader 
900. A transport mechanism not shown transports FOUPs 980 from outside into the 
loader 900 so that they are stored in the loader 900. 

20 The transport robot 930 is mainly provided with a support 931, a horizontal 

driver 935 and a transport arm 938. 

The bottom of the support 931 is connected to the horizontal driver 935 moving 
on a rail member 934 in the direction of an arrow AR2. The transport arm 938 moving 
upwardly/downwardly in the direction of an arrow AR1 parallel to the Z axis is attached 

25 to the support 931. As shown in Fig. 10, the transport arm 938 is movable back and 
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forth in the direction of an arrow AR3, and can support the FOUP 980 at its leading edge 
938a (Fig. 11). As described, the transport robot 930 moves the FOUP 980 in the 
respective directions of the arrows AR1 to AR3 while supporting the FOUP 980 at the 
leading edge 938a thereof. 
5 Even in the case where the FOUPs 980 are respectively mounted on the shelves 

. 911 and 914 as shown in Fig. 11, the FOUP 980 mounted on the shelf 911 is transported 
by the transport robot 930 along a transport path indicated by an arrow AR4 to be 
mounted on the shelf 917. That is, the FOUP 980 mounted on the shelf 911 can be 
transported directly to a predetermined shelf (917 in the case of Fig. 11) while de touring 

10 around the shelf 914 without moving the FOUP 980 mounted on the shelf 914 to another 
place as in the conventional apparatus. 

In this case, however, it is necessary to ensure the transport path for 
transporting the FOUP 980 while detouring as indicated by the arrow AR4. Therefore, 
the depth of the loader 900 along the Y axis increases along the Y axis by the size D2 

15 equal to or greater than the size Dl of the FOUP 980 along the Y axis. As a result, the 
use of the loader 900 solves the problem of decrease in throughput of the apparatus as a 
whole. However, another problem arises in that the footprint of the substrate processing 
apparatus (area occupied by the apparatus) as a whole increases by a region 970. 
Substrate processing apparatuses are generally installed in a cleanroom, and an increase in 

20 footprint of one substrate processing apparatus is not desirable in a cleanroom which 
requires considerable costs for maintaining an atmosphere. 



25 



SUMMARY OF THE INVENTION 

The present invention is intended for a substrate processing apparatus. 
According to the present invention, the substrate processing apparatus 
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comprises: a substrate processing unit for performing a predetermined process on a 
substrate; and a substrate transfer unit for holding a container for storing a substrate 
therein and transferring the substrate stored in the container to the substrate processing 
unit. The substrate transfer unit includes: a mounting part for mounting the container 
5 thereon to transfer the substrate stored in the container to the substrate processing unit; a 
first shelf line containing a plurality of first shelves arranged in the vertical direction at a 
first predetermined interval, each being capable of mounting the container thereon; a 
second shelf line provided between the mounting part and the first shelf line and 
containing a plurality of second shelves arranged in the vertical direction at a second 

10 predetermined interval, each being capable of mounting the container thereon; a 
displacing element for displacing at least one of a target one of the plurality of first 
shelves in the first shelf line and a corresponding one of the plurality of second shelves 
relative to the other in the vertical direction, thereby ensuring a container transport path of 
a height greater than the second predetermined interval in the second shelf line; and a 

15 transport element for transporting the container mounted on the target one of the plurality 
of first shelves to the mounting part in the horizontal direction along the container 
transport path created by the displacing element while holding the container. 

A container mounted on a target one of the first shelves can be transported by 
the transport element in the horizontal direction along the container transport path 

20 without moving a container, if any, mounted on one of the second shelves. This can 
reduce the time required for transporting a container, leading to reduction in processing 
time required for substrate processing as a whole, which can achieve improved 
throughput of substrate processing. 

Preferably, the displacing element includes a plurality of displacing 

25 mechanisms connected to at least part of the plurality of second shelves for displacing the 
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at least part of the plurality of second shelves in the vertical direction. 

The at least part of the plurality of second shelves can be displaced in the 
vertical direction without moving a target one of the first shelves, so that the container 
mounted on the target shelf can be transported. 
5 Preferably, the displacing element includes a plurality of displacing 

mechanisms connected to the plurality of second shelves, respectively, each being capable 
of displacing a corresponding one of the plurality of second shelves individually in the 
vertical direction. 

Those of the second shelves necessary for ensuring the transport path can be 
10 moved in the vertical direction. This can reduce the time required for ensuring the 
transport path. 

According to one aspect of the present invention, the substrate processing 
apparatus comprises: a substrate processing unit for performing a predetermined process 
on a substrate; and a substrate transfer unit for holding a container for storing a substrate 

15 therein and transferring the substrate stored in the container to the substrate processing 
unit. The substrate transfer unit includes: a mounting part for mounting the container 
thereon to transfer the substrate stored in the container to the substrate processing unit; a 
two-dimensional array of shelves where a plurality of shelves each being capable of 
mounting the container thereon are arranged in a matrix in the vertical and horizontal 

20 directions, the two-dimensional array of shelves having at least one shelf-less part on the 
side of the mounting part; a displacing element for displacing at least one of the plurality 
of shelves in the two-dimensional array of shelves in the vertical direction, thereby 
moving the shelf-less part; and a transporting element for transporting the container to the 
mounting part in the horizontal direction through the shelf-less part moved by the 

25 displacing element while holding the container. 
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A container, if any, mounted on a shelf horizontally adjacent to a target shelf on 
which a container to be transported is mounted does not need not be moved to another 
place. This can reduce the time required for transporting a container, leading to 
reduction in processing time required for substrate processing as a whole, which can 
5 achieve improved throughput of substrate processing. 

It is therefore an object of the present invention to provide a substrate 
processing apparatus capable of reducing the time required for transporting a container 
mounted on a shelf in a substrate transfer unit without an increase in footprint of the 
substrate transfer unit. 

10 These and other objects, features, aspects and advantages of the present 

invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS. 
15 Fig. 1 is a perspective view illustrating the overall construction of a substrate 

processing apparatus according to a first preferred embodiment of the present invention; 

Fig. 2 is a perspective view illustrating the construction of a FOUP according to 
the first preferred embodiment; 

Fig. 3 is a perspective view illustrating the construction of a loader according to 
20 the first preferred embodiment; 

Figs. 4 and 5 are front views illustrating the construction of receiving sections 
according to the first preferred embodiment; 

Fig. 6 is a top view illustrating the positional relationship between a shelf and a 
transport arm according to the first preferred embodiment; 
25 Figs. 7 and 8 are front views illustrating the construction of receiving sections 
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according to a second preferred embodiment of the present invention; 

Fig. 9 is a schematic front view illustrating the construction of a substrate 
processing apparatus using conventional FOUPs; and 

Figs. 10 and 11 are schematic top views illustrating the construction of the 
5 substrate processing apparatus using the conventional FOUPs. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

<1. First Preferred Embodiment > 

< 1 . 1 . Construction of Substrate Processing Apparatus> 

10 Fig. 1 is a perspective view illustrating the overall construction of a substrate 

processing apparatus 1 according to the present invention. For the sake of definiteness 
of directions relative to each other, Fig. 1 and its subsequent figures include an XYZ 
rectangular coordinate system, as required, which defines the direction of the Z axis as the 
vertical direction and the X-Y plane as the horizontal plane. 

15 The substrate processing apparatus 1 is intended to sequentially perform an 

etching process using a liquid chemical such as hydrofluoric acid, a rinsing process using 
pure water, and other processes upon a set of substrates (or a lot). As shown in Fig. 1, 
the substrate processing apparatus 1 mainly includes a loader 100, a load port 10 for 
transporting a FOUP 80 into and out of the loader 100, a substrate processing unit 200, an 

20 unloader 300 and a load port 90 for transporting the FOUP 80 into and out of the 
unloader 300. 

The FOUP will be described. Fig. 2 is an external view, in perspective, of the 
FOUP. The FOUP 80 has an enclosure 81 and a flange 82 formed on the top portion of 
the enclosure 81. The FOUP 80 is held suspended with the flange 82 being grasped by a 
25 holding mechanism not shown. A cover 83 is provided on one surface (or a surface as 
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seen in the direction of an arrow AR5 of Fig. 2) of the enclosure 81, and has a lock 
mechanism for locking the enclosure 81. Functioning the lock mechanism, with the 
cover 83 attached to the enclosure 81, secures the cover 83 to the enclosure 81 to provide 
a closed space enclosed in the enclosure 81. Releasing the lock mechanism allows the 
5 cover 83 to be removed from the enclosure 81. With the cover 83 removed from the 
enclosure 81 to open the FOUP 80, substrates may be removed out of and inserted into 
the enclosure 81. For example, 25 or 13 substrates are respectively stored in the 
enclosure 81 in the horizontal direction. 

In general, when the FOUP 80 is transported inside and outside the loader 100, 

10 the cover 83 is attached to the enclosure 81 with the lock mechanism functioning or with 
the enclosed space provided in the enclosure 81. This maintains a high cleanliness in 
the FOUP 80 irrespective of the cleanliness in the cleanroom in which the substrate 
processing apparatus 1 is installed. 

The substrate processing unit 200 has a liquid chemical bath for storing the 

15 liquid chemical and a rinsing bath for storing the pure water. Substrates transferred 
from the loader 100 to the substrate processing unit 200 are stored in the liquid chemical 
bath and rinsing bath for undergoing predetermined substrate processing such as a 
cleaning process. 

The load port 10 is a unit arranged in parallel to the loader 100, and the FOUP 
20 80 is transported between the load port 10 and loader 100. As shown in Fig. 1, two 
FOUPs 80 are mounted at the same time on a mounting surface 10a which is the top 
surface of the load port 10. 

When a FOUP 80 with unprocessed substrates stored therein not yet subjected 
to the predetermined substrate processing in the substrate processing apparatus 1 is 
25 mounted on the mounting surface 10a, a transport mechanism (not shown) provided for 
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the load port 10 transports the FOUP 80 with the unprocessed substrates stored therein 
from the mounting surface 10a into the loader 100. The transport mechanism provided 
for the load port 10 also transports an empty FOUP 80 out of which substrates have been 
removed to the load port 10 out of the loader 100. 
5 The load port 90 is a unit having a similar hardware structure as the load port 

10, and is arranged in parallel to the unloader 300 as shown in Fig. 1. Similarly to the 
load port 10, two FOUPs 80 are mounted at the same time on a mounting surface 90a 
which is the top surface of the load port 90. 

When an empty FOUP 80 with no substrate stored therein is mounted on the 

10 mounting surface 90a, a transport mechanism (not shown) provided for the load port 90 
transports the empty FOUP 80 from the load port 90 into the unloader 300. When 
processed substrates having undergone the predetermined substrate processing are 
transferred from the substrate processing unit 200 into the unloader 300 and are stored in 
a FOUP 80, the FOUP 80 with the processed substrates stored therein is transported out 

15 of the unloader 300 to the load port 90. 

As shown in Fig. 1, the loader 100 is interposed between the load port 10 and 
substrate processing unit 200, and is used to momentarily hold therein the FOUP 80 
transported from the load port 10 and to transfer substrates stored in the FOUP 80 to the 
substrate processing unit 200. The unloader 300 is interposed between the load port 90 

20 and substrate processing unit 200, and is used to receive processed substrates having 
undergone the predetermined substrate processing in the substrate processing unit 200 to 
store them in an empty FOUP 80. 

As described, in the substrate processing apparatus 1, a set of substrates (or a 
lot) stored in the FOUP 80 is transferred from the loader 100 to the substrate processing 

25 unit 200, and upon completion of substrate processing, is transferred from the substrate 
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processing unit 200 to the unloader 300. Therefore, the loader 100 and unloader 300 are 
used as substrate transfer units for transferring substrates into and out of the substrate 
processing unit 200 in the substrate processing apparatus 1. 

A control unit 50 has a memory 51 for storing therein programs, variables and 
5 the like, and a CPU 52 for exercising control in accordance with the programs stored in 
the memory 51. The CPU 52 follows the programs stored in the memory 51 to control 
upward/downward movement of the shelf 121 by an air cylinder (hereinafter simply 
referred to as a "cylinder") 127 (Figs. 4 and 5), transport of the FOUP 80 by a transport 
robot 130, and the like, with predetermined timing. 

10 <1.2. Construction of Substrate Transfer Unit> 

Fig. 3 is a perspective view illustrating the construction of the loader 100 
according to the present embodiment. Fig. 4 is a front view illustrating the construction 
of first and second receiving sections 110 and 120 according to the preferred 
embodiments of the present invention. The loader 100 and unloader 300 used as 

15 substrate transfer units will be described in detail. As described, the loader 100 and 
unloader 300 have the same construction since both of them transfer substrates into and 
out of the substrate processing unit 200. Therefore, the loader 100 will hereinafter be 
described in detail. 

As shown in Fig. 3, the loader 100 mainly includes the first and second 
20 receiving sections 110 and 120 each receiving a plurality of FOUPs 80 in the vertical 
direction (or along the Z axis), and the transport robot 130 for transporting the FOUPs 80 
stored in the first and second receiving sections 110 and 120. 

As shown in Figs. 3 and 4, the first receiving section 110 has a group of shelves 
(first shelf line) constituted by a plurality of (in the present embodiment, six) shelves 111 
25 (111a to 11 If) stacked in a line in the vertical direction (or along the Z axis), and is 



11 

arranged in the vicinity of the right side surface 100a of the loader 100 as viewed from 
the load port 10 (or the opposite side of the substrate processing unit 200). 

The shelves 111 are each intended for holding a FOUP 80 on its upper surface, 
and are attached fixedly to a partition 155 on the side of the substrate processing unit 200. 
5 The interval among the shelves 111 is set to be at least greater than the height of the 
FOUP 80. Each of the shelves 111 is capable of receiving one FOUP 80 to be placed 
thereon. It should be noted that each of the shelves 111 can receive either of the FOUP 
80 with unprocessed substrates stored therein and the empty FOUP 80 out of which 
substrates have been removed. 

10 As shown in Figs. 3 and 4, the second receiving section 120 has a group of 

shelves (second shelf line) constituted by a plurality of (in the present embodiment, five) 
shelves 121 (121a to 121e) stacked in a line in the vertical direction (or along the Z axis), 
and is provided on the opposite side of the side surface 100a with respect to the first 
receiving section 110, i.e., between the first receiving section 110 and an opener 140 

15 along the X axis. Each of the shelves 121 is capable of receiving one FOUP 80 to be 
placed thereon. It should be noted that each of the shelves 121 can receive either of the 
FOUP 80 with unprocessed substrates stored therein and the empty FOUP 80 out of 
which substrates have been removed. 

As shown in Fig. 4, each of the shelves 121 has its bottom vertically connected 

20 to the cylinder 127 to be moved upwardly/downwardly via a movable part 128 which is 
extensible at least by the length equal to or greater than the height of the FOUP 80. 
Therefore, the amount of vertical displacement of each of the shelves 121 is set to be at 
least equal to or greater than the height of the FOUP 80, i.e., substantially equal to the 
interval among the shelves 111 in the vertical direction. 

25 Further, each of the shelves 121 is movable slidably on a pair of guide rails 125 



12 

in the vertical direction (or along the Z axis). The interval among the shelves 121 is set 
to be at least greater than the height of the FOUP 80. 

Therefore, air pressure within the air cylinder 127 is adjusted to move the 
corresponding movable part 128 upwardly/downwardly, thereby moving each of the 
5 shelves 121 individually in the vertical direction (or along the Z axis) to displace the 
shelves 121 in the vertical direction. 

That is, the guide rails 125 and cylinder 127 connected to the bottom of each of 
the shelves 121 serve as a displacing mechanism for displacing at least part of the 
plurality of shelves 121 in the vertical direction. In other words, each of the shelves 121 
10 of the second receiving section 120 momentarily mount the FOUP 80 thereon until 
transported to a predetermined shelf while moving the FOUP 80 mounted on each of the 
shelves 121 upwardly/downwardly. 

The number of shelves 121 of the second receiving section 120 (in the present 
embodiment, five) is less by one than that of the shelves 111 of the first receiving section 
15 110 (in the present embodiment, six). Accordingly, each of the shelves 121 is moved 
upwardly/downwardly by the corresponding cylinder 127 to individually move on the 
guide rails 125. The shelves 121 are thereby located such that none of the shelves 121 is 
at substantially the same height as one of the shelves 111 from which the FOUP 80 is to 
be transported. 

20 Further, as described above, the cylinder 127 connected to the bottom of each 

of the shelves 121 has an amount of displacement substantially equal to the interval 
among the shelves 111 of the first receiving section 110. Accordingly, the uppermost 
shelf 121a of the second receiving section 120 moves between the positions of the shelves 
111a and 111b of the first receiving section 110, while the lowermost shelf 121e of the 

25 second receiving section 120 moves between the positions of the shelves llle and 11 If 
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of the first receiving section 110. Therefore, the shelves 121 of the second receiving 
section 120 move upwardly/downwardly within the height of the shelves 111 of the first 
receiving section 110, i.e., between the positions the shelves 111a and lllf. 

The present embodiment has described that the cylinder 127 is used to move 
5 the corresponding one of the shelves 121 in the vertical direction, however, the present 
invention is not limited thereto, but various publicly-known mechanisms such as a feed 
screw mechanism with a ball screw used therein may be employed. 

Further, as shown in Figs. 3 and 4, in the vicinity of the left side surface 100b 
of the loader 100 as viewed from the load port 10 (i.e., the opposite side of the substrate 
10 processing unit 200), a shelf 151, opener 140, shelves 152 and 153 are provided in 
top-to-bottom order in the vertical direction (or along the Z axis). 

The shelves 151 to 153 are attached fixedly to the partition 155 similarly to the 
shelves 111 contained in the first receiving section 110. Each of the shelves 151 to 153 
is capable of receiving one FOUP 80 to be placed thereon. It should be noted that each 
15 of the shelves 151 to 153 can receive either of the FOUP 80 with unprocessed substrates 
stored therein and the empty FOUP 80 out of which substrates have been removed. 

The opener 140 is used to transfer unprocessed substrates stored in the FOUP 
80 into the substrate processing unit 200, and is provided between the shelves 151 and 
152 arranged in the vertical direction (or along the Z axis). When the FOUP 80 with 
20 unprocessed substrates stored therein is mounted on a shelf 141 of the opener 140 by the 
transport robot 130 which will be described later, the opener 140 removes the cover 83 of 
the FOUP 80 and transfers the unprocessed substrates out of the FOUP 80 to the substrate 
processing unit 200 through an opening 150. 

The transport robot 130 is a robot for transporting the FOUP 80 between 
25 arbitrary two shelves among the shelves 111 (111a to lllf), shelves 121 (121a to 121e), 
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shelves 151 to 153, and shelf 141 of the opener 140, and mainly includes a support 131, a 
horizontal driver 135 and a transport arm 138. 

The transport arm 138 is an arm for transporting the FOUP 80 while supporting 
it. As shown in Fig. 6, a plurality of (in the present embodiment, three) support pins 
5 138a are provided upright on the top surface of a holding part 139 of the transport arm 
138. The transport arm 138 supports the FOUP 80 with the plurality of support pins 
138a fitted into corresponding holes (not shown) provided on the rear (or lower) surface 
of the FOUP 80. Further, the transport arm 138 is movable slidably in the vertical 
direction (or along the Z axis) on a rail 137 provided fixedly on the support 131 
10 substantially in parallel to the Z axis. 

As shown in Fig. 3, the support 131 is a member extending in the vertical 
direction, and the upper end of the support 131 is movable slidably on a guide rail 132 
extending along the X axis. The support 131 has its bottom connected to the horizontal 
driver 135. 

15 The horizontal driver 135 is movable on a rail member 134 along the X axis (or 

in the horizontal direction), and movable slidably on two rails 133 extending along the X 
axis (or in the horizontal direction) on the rail member 134 provided at the lower part 
within the loader 100, as shown in Fig. 3. Accordingly, the horizontal driver 135 moves 
on the two rails 133 along the X axis with respect to the first and second receiving 

20 sections 110 and 120. Therefore, the support 131 moves on the guide rail 132 along the 
X axis (or in the horizontal direction) as the horizontal driver 135 moves along the X 
axis. 

Since the transport arm 138 is movable slidably on the rail 137 along the Z axis 
(or in the vertical direction), the transport robot 130 transports the FOUP 80 in the X-Z 
25 plane within the loader 100. 
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In other words, the transport robot 130 can get access to any one of the shelves 
111, 121, 151 to 153, and 141. At the time when the control unit 50 (Fig. 1) selects the 
shelf on which the FOUP 80 to be transported is placed and the shelf to which the FOUP 
80 is to be transported, the transport robot 130 transports the FOUP 80 in the vertical and 
5 horizontal directions while supporting the FOUP 80. 
<1.3. Process of Transporting FOUP> 

Referring now to the case in which FOUPs 80 (80a, 80b) are mounted on the 
shelf 11 Id of the first receiving section 110 and shelf 121c of the second receiving 
section 120, respectively, as shown in Fig. 4, and which the shelf 11 Id is selected as a 
10 target shelf on which the FOUP 80a to be transported is placed, the process of 
transporting the FOUP 80a mounted on the shelf 11 Id to a predetermined shelf (in the 
present embodiment, the shelf 141 of the opener 140) in the loader 100 (or substrate 
transfer unit) of the present embodiment will be described. 

As described, the transport robot 130 is movable slidably in the X-Z plane. 
15 Therefore, in order to transport the FOUP 80a to the shelf 141 of the opener 140 along a 
transport path AR6, the shelf 121c on which the FOUP 80b is placed first needs to be 
moved upwardly/downwardly by the corresponding cylinder 127c to ensure the transport 
path AR6. 

It should be noted that, before starting the process of transporting the FOUP 
20 80a, the shelves 121 (121a to 121e) are each located by the corresponding cylinder 127 
such that the shelf 121a is at substantially the same height as the shelf 111b, shelf 121b at 
substantially the same height as the shelf 111c, shelf 121c at substantially the same height 
as the shelf Hid, shelf 121d at substantially the same height as the shelf Hie, shelf 121e 
at substantially the same height as the shelf 11 If. None of the shelves 121 is located at 
25 substantially the same height as the uppermost shelf 111a. In short, the shelves are 
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located at the same height to each other except the uppermost shelf of the first receiving 
section 110. 

First, air pressure within a cylinder 127a is adjusted to extend a movable part 
128a along the Z axis, thereby moving the shelf 121a to such a height substantially the 
5 same as the shelf 111a of the first receiving section 110. Similarly, a cylinder 127b is 
driven to move the shelf 121b to substantially the same height as the shelf 111b, and a 
cylinder 127c is driven to move the shelf 121c upwardly to reach substantially the same 
height as the shelf 111c (Fig. 5). 

The FOUP 80b located at substantially the same height as the FOUP 80a is 
10 accordingly moved above the FOUP 80a, so that a space 129 is created at substantially 
the same height as the FOUP 80a. That is, the cylinders 127 (127a to 127c) are 
respectively activated to move the shelves 121 (121a to 121c) upwardly, thereby creating 
the space 129 in the second receiving section 120 having a height at least greater than the 
height of the FOUP 80a. The transport path AR6 for transporting the FOUP 80a is 
15 thereby ensured. 

In the loader 100, as described above, the number of shelves 121 of the second 
receiving section 120 is less by one than that of the shelves 111 of the first receiving 
section 110, so that there is a place where none of the shelves 121 is located horizontally 
adjacent to one of the shelves 111. 
20 Accordingly, the second receiving section 120 has a virtual shelf-less part that 

cannot mount the FOUP 80 thereon because of the absence of shelf 121. Each of the 
shelves 121 is moved upwardly/downwardly by the corresponding cylinder 127, so that 
the shelf-less part is moved within the positions of the shelves 111a to 111 f. 

In other words, the first and second receiving sections 110 and 120 of the 
25 present embodiment are formed as a two-dimensional array of shelves where the plurality 
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of shelves 111 and 121 each for mounting the FOUP 80 thereon are arrayed in a matrix in 
the vertical direction and along the X axis (or a first horizontal direction) as matrix cells 
in a lattice. The cylinders 127 corresponding to the shelves 121 are moved 
upwardly/downwardly to move the position of the shelf-less part. Therefore, moving the 
5 space of the shelf-less part, i.e., the space that cannot receive any FOUP 80, in the vertical 
direction can ensure the transport path utilizing the space of the shelf-less part. 

As a result, unlike the conventional apparatus, the FOUP 80a can be transported 
without moving the FOUP 80b to another shelf. 

Further, according to the present embodiment, the transport robot 130 

10 transports the FOUP 80a to a predetermined shelf only with a movement in the X-Z plane 
through the space 129 without detouring along the Y axis (or a second horizontal 
direction). This leads to improved throughput of substrate processing in the substrate 
processing apparatus 1 while maintaining the footprint of the loader 100. Therefore, the 
use of the loader 100 according to the present embodiment does not create the problem 

15 that the loader increases in footprint. 

Next, the transport arm 138 are moved to the position below the shelf 11 Id. 
Fig. 6 is a top view illustrating the positional relationship between the shelf 11 Id and 
transport arm 138 as moved to the position below the shelf 11 Id. As shown in Fig. 6, 
the shelf 11 Id has a notch 112d of substantially the same shape as the holding part 139 

20 which is a leading edge of the transport arm 138. 

Accordingly, the transport arm 138 is moved in the vertical direction to adjust 
the position thereof along the Z axis so as to be positioned below the shelf 11 Id, i.e., so 
as to have its top surface positioned below the lower surface of the shelf 11 Id, as well as 
to adjust the position thereof along the X axis by the horizontal driver 135 such that the 

25 holding part 139 of the transport arm 138 is positioned directly below the notch 112d of 
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the shelf 11 Id. Then, the transport arm 138 is moved upwardly from directly below the 
notch 112d along the rail 137. The FOUP 80a mounted on the shelf 11 Id is thereby 
held by the transport arm 138 without causing interference between the shelf 11 Id and 
transport arm 138. The upward movement of the transport arm 138 is stopped at such a 
5 position that the lower surface of the transport arm 138 along the Z axis is above the top 
surface of the shelf llld along the Z axis. 

Subsequently, the FOUP 80a is moved by the horizontal driver 135 in the 
horizontal direction through the wide space 129 which is the shelf-less part to such a 
position that the holding part 139 of the transport arm 138 is located directly above a 

10 notch of the shelf 141 of the opener 140, where the horizontal driver 135 is stopped. 

Thereafter, the transport arm 138 is moved downwardly. At this time, the 
transport arm 138 is moved downwardly through the notch of the shelf 141 similarly 
when holding the FOUP 80a at the shelf llld. Therefore, the FOUP 80a is mounted on 
the upper surface of the shelf 141 without causing interference between the transport arm 

15 138 and shelf 141. 

<1.4. Advantages of Substrate Processing Apparatus> 

As described, even in the case where the FOUPs 80a and 80b are respectively 
mounted on the shelf llld of the first receiving section 110 and shelf 121c of the second 
receiving section 120 adjacent to each other as shown in Fig. 4, the substrate processing 

20 apparatus 1 of the first preferred embodiment can ensure the transport path AR6 for the 
FOUP 80a utilizing the space 129 by moving the shelves 121 (121a to 121c) by the 
corresponding cylinders 127 (127a to 127c) in the vertical direction, so that the FOUP 
80a can be transported to a predetermined shelf without moving the FOUP 80b to another 
shelf as in the conventional apparatus. This can reduce the time required for 

25 transporting the FOUP 80a as compared to the conventional apparatus, achieving 
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improved throughput of substrate processing. 

Further, the substrate processing apparatus 1 of the present embodiment can 
transport the FOUP 980 to a predetermined shelf without detouring as in the loader 900 
shown in Fig. 11. This eliminates the need to provide the region 970 for detouring the 
5 transport robot 930 as in the loader 900, preventing the problem that the loader increases 
in footprint. 



Second Preferred Embodiment 

Figs. 7 and 8 illustrate a loader 500 according to a second preferred 
10 embodiment. The loader 500 has the same hardware structure as the loader 100 of the 

first preferred embodiment except an additionally provided third receiving section 180. 

Therefore, the present embodiment will concentrate on this difference. 

Similar components as those in the loader 100 of the first preferred 

embodiment are indicated by the same reference numerals. These components indicated 
15 by the same reference numerals have already been described in the first preferred 

embodiment, explanation of which is thus omitted in the present embodiment. 

<2.1. Construction of Substrate Transfer Unit> 

As shown in Fig. 7, the loader 500 of the present embodiment includes the third 

receiving section 180 in addition to the first and second receiving sections 110 and 120 
20 provided for the loader 100. The third receiving section 180 has a group of shelves 

(shelf line) constituted by a plurality of (in the present embodiment, five) shelves 181 

(181a to 181e) stacked in a line in the vertical direction (or along the Z axis). The third 

receiving section 180 is arranged on the opposite side of the side surface 100a with 

respect to the first receiving section 110 and between the second receiving section 120 
25 and opener 140 along the X axis (or in the horizontal direction). 
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The shelves 181 (181a to 181e) are each intended for mounting a FOUP 80 on 
its upper surface, and each can receive either of the FOUP 80 with unprocessed substrates 
stored therein and the empty FOUP 80 out of which substrates have been removed. 

As shown in Fig. 7, each of the shelves 181 has its bottom vertically connected 
5 to a cylinder 187 (187a to 187e) to be moved upwardly/downwardly via a movable part 
188 (188a to 188e) which is extensible at least by the length equal to or greater than the 
height of the FOUP 80. Therefore, the amount of vertical displacement of each of the 
shelves 181 is set to be at least equal to or greater than the height of the FOUP 80, i.e., 
substantially equal to the interval among the shelves 111 in the vertical direction. 
10 Further, each of the shelves 181 is movable slidably on a pair of guide rails 185 

in the vertical direction (or along the Z axis). The interval among the shelves 181 is set 
to be at least greater than the height of the FOUP 80. 

Therefore, air pressure within the air cylinder 187 is adjusted to move the 
corresponding movable part 188 upwardly/downwardly, thereby moving each of the 
15 shelves 181 individually in the vertical direction (or along the Z axis) to displace the 
shelves 181 in the vertical direction, similarly to the shelves 121. 

That is, the guide rails 185 and cylinders 187 respectively connected to the 
bottom of each of the plurality of shelves 181 serve as a displacing mechanism for 
displacing at least part of the shelves 181 in the vertical direction. In other words, each 
20 of the shelves 181 of the third receiving section 180 momentarily hold the FOUP 80 
thereon until transported to a predetermined shelf while moving the FOUP 80 mounted 
on each of the shelves 181 upwardly/downwardly. 

The number of shelves 181 of the third receiving section 180 (in the present 
embodiment, five) is less by one than that of the shelves 111 in the first receiving section 
25 110 (in the present embodiment, six). Accordingly, each of the shelves 181 is moved 



21 

upwardly/downwardly by the corresponding cylinder 187 to individually move on the 
guide rails 185. The shelves 181 are thereby located such that none of the shelves 181 is 
at substantially the same height as one of the shelves 111 from which the FOUP 80 is to 
be transported. 

5 Further, the cylinder 187 connected to the bottom of each of the shelves 181 has 

an amount of displacement substantially equal to the interval among the shelves 111 of 
the first receiving section 110 as described above. Accordingly, the uppermost shelf 
181a of the third receiving section 180 moves between the positions of the shelves 111a 
and 111b of the first receiving section 110, while the lowermost shelf 181e of the third 

10 receiving section 180 moves between the positions of the shelves llle and 11 If of the 
first receiving section 110. Therefore, the shelves 181 of the third receiving section 180 
move upwardly/downwardly within the height of the shelves 111 of the first receiving 
section 110, i.e., between the positions of the shelves 111a and 11 If. 

The present embodiment has described that the cylinders 187 are used to move 

15 the corresponding shelves 181 in the vertical direction, however, the present invention is 
not limited thereto, but various publicly-known mechanisms such as a feed screw 
mechanism with a ball screw used therein may be employed. 
<2.2. Process of Transporting FOUP> 

Referring now to the case in which FOUPs 80 (80a, 80b, 80c) are mounted on 

20 the shelf 111b of the first receiving section 110, shelf 121a of the second receiving 
section 120 and shelf 181a of the third receiving section 180, respectively, as shown in 
Fig. 7, and which the shelf 111b is selected as a target shelf on which the FOUP 80a to be 
transported is placed, the process of transporting the FOUP 80a mounted on the shelf 
111b to a predetermined shelf (in the present embodiment, the shelf 141 of the opener 

25 140) in the loader 500 (or substrate transfer unit) of the present embodiment will be 
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described. 

It should be noted that, before starting the process of transporting the FOUP 
80a, the shelves 121 (121a to 121e) are located by the corresponding cylinders 127 such 
that the shelf 121a is at substantially the same height as the shelf 111b, shelf 121b at 
5 substantially the same height as the shelf 111c, shelf 121c at substantially the same height 
as the shelf Hid, shelf 121d at substantially the same height as the shelf llle, shelf 121e 
at substantially the same height as the shelf 11 If. None of the shelves 121 is located at 
substantially the same height as the uppermost shelf 111a. In short, the shelves 111 and 
121 of the first and second receiving sections 110 and 120 are located at the same height 

10 to each other except the uppermost shelf of the first receiving section 110. 

Similarly, the shelves 181 (181a to 181e) are located by corresponding 
cylinders 187 such that the shelf 181a is at substantially the same height as the shelf 111b, 
shelf 181b at substantially the same height as the shelf 111c, shelf 181c at substantially 
the same height as the shelf 11 Id, shelf 181d at substantially the same height as the shelf 

15 llle, shelf 181e at substantially the same height as the shelf lllf. None of the shelves 
181 is located at substantially the same height as the uppermost shelf 111a. In short, the 
shelves 111 and 181 of the first and third receiving sections 110 and 180 are located at 
the same height to each other except the uppermost shelf of the first receiving section 
110. 

20 First, air pressure within the cylinder 127a is adjusted to extend the movable 

part 128a along the Z axis, thereby moving the shelf 121a to such a height substantially 
the same as the shelf 111a of the first receiving section 110. Similarly, air pressure 
within the cylinder 187a is adjusted to activate the cylinder 187a to move the movable 
part 188a along the Z axis, thereby moving the shelf 181a upwardly to reach substantially 

25 the same height as the shelf 111a (Fig. 8). 



23 

The FOUPs 80b and 80c located at substantially the same height as the FOUP 
80a are accordingly moved above the FOUP 80a, so that a space 189 is created at 
substantially the same height as the FOUP 80a. That is, the cylinders 127a and 187a are 
activated to move upwardly the shelves 121a and 181a, respectively, thereby creating the 
5 space 189 having a height at least greater than the height of the FOUP 80a which causes 
the second and third receiving sections 120 and 180 to communicate with each other. A 
transport path AR7 for transporting the FOUP 80a is thereby ensured. 

In the loader 500, as described above, the number of shelves 121 of the second 
receiving section 120 is less by one than that of the shelves 111 of the first receiving 
10 section 110, so that there is a place where none of the shelves 121 is located horizontally 
adjacent to one of the shelves 111. 

Accordingly, the second receiving section 120 has a first virtual shelf-less part 
that cannot mount the FOUP 80 thereon because of the absence of shelf 121. The 
respective shelves 121 are moved upwardly/downwardly by the corresponding cylinders 
15 127 to move the first shelf-less part within the positions of the shelves 111a to 111 f. 

Similarly, the number of the shelves 181 of the third receiving section 180 is 
less by one than that of the shelves 111 of the first receiving section 110, so that there is a 
place where none of the shelves 181 is located horizontally adjacent to one of the shelves 
111. Accordingly, the third receiving section 180 has a second virtual shelf-less part 
20 that cannot mount thereon the FOUP 80 because of the absence of shelf 181. The 
respective shelves 181 are moved upwardly/downwardly by the corresponding cylinders 
187 to move the second shelf-less part within the positions of the shelves 111a to 11 If. 

In other words, the first to third receiving sections 110, 120 and 180 of the 
present embodiment are formed as a two-dimensional array of shelves where the plurality 
25 of shelves 111, 121 and 181 each for mounting the FOUP 80 thereon are arrayed in a 
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matrix in the vertical direction and along the X axis (or the first horizontal direction) as 
matrix cells in a lattice. The cylinders 127 corresponding to the shelves 121 are moved 
upwardly/downwardly to move the position of the first shelf-less part, while the cylinders ^ 
187 corresponding to the shelves 181 upwardly/downwardly to move the position of the 
5 second shelf-less part. Therefore, moving the space of the first and second shelf-less 
parts, i.e., the space that cannot receive any FOUP 80, in the vertical direction can ensure 
the transport path utilizing the space of the shelf-less parts. 

As a result, unlike the conventional apparatus, the FOUP 80a can be transported 
without moving the FOUPs 80b and 80c to other shelves. 

10 Further, according to the present embodiment, the transport robot 130 (Fig. 3) 

transports the FOUP 80a to a predetermined shelf only with a movement in the X-Z plane 
through the space 189 without detouring along the Y axis (or the second horizontal 
direction). Thus, providing the three groups of shelves or three receiving sections 110, 
120 and 180 in the loader 500 will not increase the loader 500 in size along the Y axis (or 

15 in the second horizontal direction) but achieves improved throughput of substrate 
processing. 

Similarly to the first preferred embodiment, the transport arm 138 moves to the 
shelf 111a to hold the FOUP 80a thereon, and then transports the FOUP 80a to the shelf 
141 to place it on the upper surface of the shelf 141. 
20 <2.3. Advantages of Substrate Processing Apparatus> 

As described, even in the case where the FOUPs 80a, 80b and 80c are 
respectively mounted on the shelf 111b of the first receiving section 110, shelf 121b of 
the second receiving section 120 and shelf 181a of the third receiving section 180 
adjacent to one another as shown in Fig. 7, the substrate processing apparatus 1 of the 
25 second preferred embodiment can ensure the transport path AR7 for the FOUP 80a 



25 

utilizing the space 189 by moving the shelves 121a and 181a by the corresponding 
cylinders 127a and 187a, respectively, in the vertical direction. Therefore, even in the 
case where a plurality of receiving sections (in the present embodiment, the second and 
third receiving sections 120 and 180) each having displacing mechanisms are provided, 
5 the FOUP 80a can be transported to a predetermined shelf without moving the FOUPs 
80b and 80c to other shelves. This achieves improved throughput of substrate 
processing. 

Further, additionally providing the third receiving section 180 increases the 
number of FOUPs 80 the loader 500 can receive, so that the number of substrates the 
10 loader 500 can receive increases. 
<3. Modification> 

Although the preferred embodiments of the present invention have been 
described above, the present invention is not limited to the above examples. 

The first preferred embodiment has described that the plurality of shelves 111 
15 of the first receiving section 110 are fixed to the partition 155 and the plurality of shelves 
121 of the second receiving section 120 are moved in the vertical direction by the 
cylinders 127 to create the space 129, thereby ensuring the transport path AR6, however, 
the present invention is not limited thereto, but the shelves 111 of the first receiving 
section 110 may be made movable in the vertical direction with respect to the shelves 121 
20 of the second receiving section 210 to create a space for ensuring a transport path. 

Similarly, the second preferred embodiment may be modified such that the 
shelves 111 of the first receiving section 110 are movable in the vertical direction with 
respect to the plurality of shelves 121 of the second receiving section 120 and the 
plurality of shelves 181 of the third receiving section 180. 
25 As described, in the case of creating the space 129 according to the first 
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preferred embodiment or space 189 according to the second preferred embodiment, at 
least one of a shelf on which the FOUP 80 to be transported is placed (e.g., the shelf 111 
of the first receiving section) and a shelf on which the FOUP 80 to be transported is not 
placed (e.g., the shelf 121 of the second receiving section 120 or the shelf 181 of the third 
5 receiving section 180) may be moved relative to the other, for displacing the shelves in 
the vertical direction. 

Further, the first and second preferred embodiments have described, by way of 
example, that the FOUP 80a mounted on a predetermined shelf of the first receiving 
section 110 is transported to the shelf 141 of the opener 140, however, the present 

10 invention is not limited thereto, but another shelf may be selected as a shelf to which the 
FOUP 80a is to be transported. 

Although the second preferred embodiment has described the process of 
transporting the FOUP 80a mounted on the shelf 111b of the first receiving section 110, 
the FOUP 80b mounted on the shelf 121a of the second receiving section 120 may be 

15 transported. In this case, the shelf 181a is moved in the vertical direction by the cylinder 
187a to move the FOUP 80c above the FOUP 80b, thereby creating a space in the third 
receiving section 180, so that a transport path utilizing the space is ensured. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 

20 numerous modifications and variations can be devised without departing from the scope 
of the invention. 



